Slowly, but surely, the obstacles that are encountered with the Scanning Probes are being overcome. In this talk we will review progress on several fronts; high speed scanning which will one day lead to AFM movies, imaging of material properties, molecular recognition, and scanning probe lithography. As these fronts open the Scanning Probes will find wider applications in the world of Nanotechnology.
Implanted biomedical microelectromechanical systems (bioMEMS) such as biosensors, drug delivery systems tend to be biocompatible to the surrounding tissue they implanted in. But, this biocompatibility may cause a problem in the form of cell culture. If the surface of the implanted bioMEMS is pro-cell cultured, the tissue may grow over the devices and result a threat to its functionality. So, the outer surfaces of the device should be anti cell cultured. One way of achieving this is by making the surface more hydrophobic by self assembled monolayer (SAM) coating on the surface. In this research we study the bioadhesion of biomolecules (e.g. proteins) against self assembled monolayer (SAM) coated passive surface using an atomic force microscope (AFM).
To simulate the above case, biomolecules such as proteins are immobilized on silica/polymer surface (as these surfaces well known for their biocompatibility) either by direct physical adsorption or chemical conjugation method, to mimic the tissue. These surfaces are tested against for adhesion with a SAM coated AFM tip which mimic the bioMEMS surface.
Even if the low adhesion between the substrate surface and tissues is achieved, the SAM coated surface layer of the device may get damaged, due friction and wear resulted from the micro motion of these devices over a period of time. This damage can be studied using frictional force microscopic mode of AFM where the AFM tip simulates the real tissue. We conduct the friction and wear tests on each modified surface as a function of load and time. These tests give a complete picture of damage process of the tissue and the SAM coated device surface.
Raul Esquivel,
Instituto de F'isica UNAM. Apdo. Postal 20-364, M'exico DF01000. (raul@fisica.unam.mx) Stability in Scanning probes and nanodevices due to dispersive forces. At the micro and nanoscales, dispersive forces such as retarded Van der Waals (or Casimir forces ) become relevant. Indeed, scanning probes were first used in the precise measurements of these forces [1] , and they have been used to drive microtorsional balances in their nonlinear modes [2] . Besides their potential use [3] , dispersive forces can cause snap down and stiction problems in micro and nano devices [4] . In this talk we present a brief review of dispersive forces and their dependence on the dielectric properties of the materials. For particular systems such as membranes and AFM cantilevers, we calculate the stability conditions and determine the space parameter to inhibit the snap-down. Also, we discuss the possibility of tailoring the dielectric properties of the materials to control the dispersive forces.
[1] W. Harris, F. Chen and U. Mohideen, Phys. Rev. A, vol. 62, 052 109 (2000) . [2] H. Chan, V. A. Aksyuk, R.N. Kleiman et al. Phys. Rev. Lett. vol. 87, 801 (2001) . [3] DeSantos , Proceedings of the IEEE, vol. 91, 1907 IEEE, vol. 91, (2003 .
[4] E. Buks and M.L. Roukes, Phys. Rev. B, vol. 63, 033402 (2001) . purification and structural characterization and by solid-phase synthesis, so that any designer DNA strand can be constructed. Here we present out recent experimental progress to utilize novel DNA nanostructures for self-assembly as well as for templates in the fabrication of functional nano-patterened materials. We have prototyped a new nanostructural DNA motif known as a cross structure 1. This nanostructure has a 4-fold symmetry which promotes its self-assembly into tetragonal 2D lattices. Each unit cell can be considered as an individual pixel; if unique DNA labels can be assigned to each cross structure, they can be used to construct 2D arrays with individually addressable binding sites. We have also demonstrated a DNA barcode latice2 composed of DNA tiles assembled on a long scaffold strand; the system translates information encoded on the scaffold strand into a specific and reprogrammable barcode pattern which is visible by atomic force microscopy. We have achieved gold nanoparticle linear arrays templated on DNA arrays comprised of triple crossover(TX) molecules3. We have designed and demonstrated a 2-state DNA latticed4 which display expand/contract motion switched by DNA nanoactuators. We have also developed an autonomous DNA motor excecuting unidirectional motion along a linear DNA track5. Ed. 42, 4342 (2003) . 5. Yin, P., Yan, H., Guan, X., Tuberfield, A.J., Reit, J. Angew. Chem. Int. Ed. 43, 4906-4911 (2004) Fundamental improvements in the design of Atomic Force Microscopy (AFM) components benefit a wide variety of applications such as AFM imaging and single molecule pulling. Trends towards high-speed AFM imaging require lower noise and higher bandwidth components, in particular the scanning unit, the force sensing cantilever and the AFM electronics, which also benefits low noise molecular measurements. i) The scanning unit needs not only sub-nanometer resolution and a high bandwidth but also must not show any oscillatory behavior in order to achieve the required position accuracy. To this end we implemented a new mechanical design that uses stack piezos and flexures for the spatial movement while maintaining high resonance frequencies and rigidity. The system is equipped with absolute position readout for accurate scanning and precise pulling. ii) Small cantilevers (10 um wide) show higher resonance frequencies and lower thermal noise at a given spring constant than conventional sized cantilevers. This allows higher imaging speeds through a faster cantilever response. The lower noise and higher bandwidth also allow the measurements of smaller force ruptures with higher temporal resolution. iii) The feedback and piezo drive electronics as well as the data acquisition system (DAQ) have to fulfill low noise and high bandwidth requirements. We developed a fast DAQ system that allows imaging at 30 frames per second at 150x150 pixels. Combining all these improvements, the next generation of AFMs will allow imaging speeds two orders of magnitudes faster than current commercial AFM systems. 
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Acoustic and Piezoelectric Imaging of Biomaterials with
Abstract:
In Kelvin probe force microscopy (KFM), an electrostatic force fluctuates during an oscillatory operation of a cantilever because of its nature as a long range force. To avoid such a fluctuation, we propose an intermittent bias application method, in which spiky biases having a sinusoidal envelope are applied at exact moments when the tip reaches the closest position to the sample surface during the oscillation. In this condition, the electric field between the tip and the sample is mostly concentrated beneath the tip apex, and therefore accuracy as well as spatial resolution in potential determination will be improved. Owing to this method combined with the sampling extraction of the electrostatic force that we have already proposed to enhance sensitivity to the electrostatic force, concentric circular potential distribution around self-assembled InAs quantum dots was experimentally observed, indicating that the achieved spatial resolution was much better than 10 nm. M.J. Miles, D.J. Brayshaw , D. Engledew, J. Hayes, T.J. McMaster, Andras Major, L. Picco, A.N. Round, J. Vicary, and A. Wotherspoon, H.H. Wills Physics Laboratory & IRC for Nanotechnology, University of Bristol, Tyndall Avenue, Bristol, BS8 1TL, U.K. m.j.miles@bristol.ac.uk or http://spm.phy.bris.ac.uk The advantages of atomic force microscopy (AFM) for the study biomolecular structures are well-known:
High-speed SPM of Soft Matter
• High-resolution 3D imaging;
• Imaging in aqueous environments;
• No need to stain to increase contrast;
• No radiation damage;
• Mapping of mechanical properties; These factors mean that it is possible to follow biological processes occurring in the AFM in conditions close to physiological. In conventional AFM, only processes that occur on a timescale of minutes can be followed because of the relatively slow imaging rate. The slow imaging rate of the AFM brings the following disadvantages:
• Inability to follow processes occurring on the sub-second timescale; • Inability to examine large areas of specimen in reasonable timescale;
• No real-time feedback to the microscope operator; The principal reason for the limitation in the imaging speeds stems from the fact that scanning probe microscopy, and AFM in particular, are based on mechanical microscopes, and, as such, imaging speeds are limited by the inertia and resonances of the scanning systems and of the AFM cantilever probe. At high imaging speeds, the bandwidth of the feedback system (to maintain, for example, constant force or RMS tapping amplitude) also becomes a limiting factor. A logical solution to the mechanical limitations is to decrease the mass and increase the stiffness of the scanning system and the cantilever in order to decrease their response times by reducing inertial effects and increasing resonant frequencies. Over the last ten years, such AFM systems have been under development in several laboratories worldwide. In this presentation, alternative methods of high-speed AFM imaging will be described and results shown for mostly biological specimens. The solution to high-speed imaging presented here is different to the above method. Instead of avoiding resonance in the scanning system, resonance was used to scan the probe in the fast-scan direction. The original implementation was for scanning near-field optical microscopy 1 , which achieved 120 frames per second. In the case of the highspeed AFM, the specimen is mounted on the resonant scanner and a conventional AFM cantilever probe is brought in to continuous contact with the specimen and the topographic structure derived for the deflection of the cantilever. The slow scan is provided by a piezo stack. The average deflection of the cantilever is used to provide a slow feedback. The damage to specimens resulting from this high-speed contact-mode imaging is surprisingly very considerably less than would be caused at normal speeds. The reason for this is now understood and will be described briefly in this presentation. Movies illustrating some examples of imaging biological and polymer specimens in either air or in an aqueous environment will presented. 
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Abstract
In tapping mode Atomic Force Microscopy (AFM) active quality factor (Q) control of the cantilever is essential to reliably enhance the scan speed or resolution of imaging. The cantilever is actively damped in air [1] so that the cantilever responds to the topography changes more quickly. The Q of the cantilever is enhanced under fluid [2] up to three orders of magnitude so that the force sensitivity is improved to piconewton regime along with significant improvement in spatial resolution and phase contrast in the image. In these methods the deflection signal of the cantilever is phase shifted and amplified and added to the standard excitation signal. However the existing methods of active Q-control suffer from difficulties incurred due to increase in the value of the effective Q or damping coefficient of the cantilever. When the cantilever is actively damped in air, it exerts larger force on the sample; thereby reduces the force resolution. When the cantilever is actively Q-enhanced under fluids, apart from it taking a longer time to reach to the steady state, it also responds slowly to the tipsurface force; thereby further reduces the maximum scan speed.
In the existing Q-control methods the effect of thermal noise, measurement noise and tipsurface force on the deflection signal is difficult to analyze due to corresponding high order dynamics. The overall system from standard excitation signal to the deflection signal is not a second order system and therefore the concept of Q is shaky. To quantify Q, an ideal spring-mass-damper model of cantilever is assumed which does not correspond to experimental frequency response data. The phase shifted and amplified deflection signal is assumed as an estimate of the cantilever tip velocity which is not optimal and is incorrect in presence of tip-surface force. In this paper a model based Q-control method is presented that not only has all the benefits of existing Q-control method but also overcomes the above mentioned imaging and analytical difficulties. The advantages of system approach based Q control is presented. The frequency response data from the excitation signal to the deflection signal of the cantilever shows considerable extra phase near the resonance frequency compared to a spring-massdamper model of the cantilever. This is well captured in a model by fitting a second order transfer function with a right-half-plane zero to the frequency response data. An observer is designed that estimates the cantilever tip deflection and tip velocity. The observer provides an optimal estimate of the cantilever tip position and velocity in presence of thermal noise, photo-diode noise and tip-surface forces. The effective quality factor and the resonant frequency is modified by feeding back the estimated signals with appropriate gains chosen independent of the dynamics of the observer. The cantilever tip position and velocity estimates provided by the observer can be used for imaging purposes. The tip position estimate can be used to detect tip-sample interaction during transient state of the cantilever [3] . The overall system between standard excitation signal and deflection signal is an exact second order spring-mass-damper system and is independent of the observer dynamics. Therefore the effective Q and resonant frequency of the cantilever is exactly quantified. The effect of thermal noise, photo-diode noise and tip-surface forces on the deflection signal is exactly analyzed with simple transfer functions. It is shown that by choosing appropriate observer the effect of noise on deflection signal is reduced and the effect of tip-surface forces on the deflection signal is enhanced. Simulations with a realistic cantilever and tip-surface interaction model in air show that when a step sample profile is introduced, an actively damped cantilever settles to a lower steady state amplitude and with smaller tip-surface forces comparable to the undamped cantilever case. In similar simulations under fluid, the cantilever responds to the tip-surface damping forces faster and reaches the steady state in a shorter time. Functional properties of biological systems are determined by an intricate set of mechanical and electromechanical interactions on the length scales that span several orders of magnitude: from macro to nano. In this paper, we demonstrate how Piezoreponse Force Microscopy (PFM) can be used for nanoscale characterization of electromechanical behavior in biological systems. Such different materials, as human tooth, hair and a butterfly wing, have been chosen for these experiments to demonstrate the general applicability of SPM to probing the bioelectromechanical behavior at the nanoscale. We demonstrate the simultaneous acquisition of the topographic and electromechanical maps of these biological systems along with local spectroscopy measurements with the resolution of about 10 nm. In the human tooth, we perform reconstruction of a collagen fibril orientation based on the 3-dimensional measurements of the local electromechanical response. The future prospects for application of electromechanical SPM for characterization of complex biological systems are discussed. AG acknowledges financial support of the National Science Foundation USA, agaitas@eecs.umich.edu This presentation will focus on high-speed contact mode topography scans performed with a custom ultracompliant probe (Poly-Probe 100 by PicoCal). The probe used polyimide as a structural material and is batch micromachined by a 6-mask lithography process. It offers a spring constant of less than 0.1 N/m, a resonance frequency of about 42 KHz, and a tip diameter of 100 nm. By sharpening the tip, the diameter can be reduced to 50 nm. The probes are particularly suitable for scanning soft specimens such as biological and polymeric samples. Topographical contact mode imaging at high scanning speeds of up to 1,500 µm/sec (48Hz) have been demonstrated, which allow the use of the probe in high throughput applications. Results obtained from several different AFM systems will be presented. These probes can easily be arrayed and have other sensing capabilities built into them. We designed and fabricated a novel AFM probe that significantly improves the signal-tonoise ratio and frequency response over current commercial probes. Our probe is a 20x30um composite (Si/Si 3 N 4 /SiO 2 ) torsional lever with an integrated reflective pad and tip. It has been designed for mass production and can be used in conventional atomic force microscopes without specialized optics. The symmetrical structure also reduces warping. In liquids, our probes have significantly less viscous drag and mass coupling than long commercial levers. This results in an improved Q factor, smaller frequency shift and lower noise. For example, soft commercial cantilevers are strongly damped in liquid; for a 0.02 N/m springboard Si 3 N 4 cantilever, the resonance shifts from ~15 kHz in air to 3kHz in liquid. However, for our cantilever (0.024 N/m) the resonant frequency only drops from 25 kHz to 15 kHz. Further, the noise levels can be as low as 1pN in a 1kHz band. We believe that this new cantilever design will have significant impact on liquid AFM imaging and force spectroscopy applications where higher resolution, greater sensitivity and lower noise are critical factors.
A New Quartz Crystal-based Force Sensor and Its application in Atomic Force Microscope(AFM)
Paul West Pacific Nanotechnology 17981 Sky Park Circle, Suite J, Irvine, CA 92614 pwest@pacificnanotech.com A new type of force sensor based on a length-extensional mode quartz-crystal operated at 630 kHz will be described. This sensor is easily fabricated with many types of probes, has high force sensitivity, and can be easily integrated into an existing SPM system. A theoretical model for this sensor is developed to describe its behavior, and to calculate its force sensitivity. A comparison study between this new sensor and other quartz force sensors will be discussed. This presentation includes the use of the crystal sensor for visualization of nanostructures and for nano-metrology. Microelectromechanical systems (MEMS) are micron-scale components composed of moving parts made from microelectronics fabrication processes. In most of the cases, MEMS are accompanied by an electrical circuit which makes the function of signal amplification or buffering. In order to design appropriately the circuit, in terms of time and accuracy, a FEM-based model of a MEMS has been implemented in an electrical simulation environment. The model simulates the lateral electrostatically excited vibrations of a cantilever taking into account the real deflection shape of the beam. The deflection profile is obtained from FEM-solver simulations performed on SUGAR and COVENTOR software. The simulation allows to determine the snap-in voltage of the structure, and the electrical and mechanical frequency response. Simulations have been compared with experimental measurements that consisted on measuring electrical resonance curves with the aid of a network analyzer from different applied voltages. Experimental and simulated data have been found to be in excellent agreement. From the fit, the mechanical Q and the mass sensitivity of the cantilever, dm/df, are derived. 
A non-linear electromechanical model for lateral electrostatically driven cantilevers
Read-Out of Micromechanical Cantilever Sensors by Phase Shifting Interferometry
Abstract
With semiconductor structures reaching the nanometer scale heat conductivity measurements on the mesoscopic range of some ten nanometer become a more and more important aspect for the further improvement in digital processing and storage. Especially the attempt to use AFM technology for data storage by writing with a heated cantilever tip asks for a careful investigation of nanoscale properties of matter like heat conductivity. On the other hand measuring heat conductivity can be an important aspect for many AFM imaging applications providing beside topography also information about the material the imaged structures are made of. Using ultra sharp AFM cantilevers with a Joule heating element above the tip structure we demonstrate with a focus on biological applications the possibilities of such an approach to distinguish between different molecular components through their different heat conductivity properties. (JHH only) hafner@rice.edu
Protein Crystals as Scanned Probes Nissanka Wickremasinghe, Jason H. Hafner (presenting) Department of Physics & Astronomy (both), Department of Chemistry
Abstract:
Recognition AFM achieves biomolecular specificity through antibodies coupled to the tip apex via a flexible polymer linker, but the demanding tip fabrication chemistry may limit the widespread application of this important technique. Here we describe a new probe technology for Recognition AFM in which protein crystals are employed as AFM tips. Lysozyme crystal growth is localized at the tip of a conventional silicon nitride cantilever by seeding it with pre-formed lysozyme crystal fragments. This method results in micron-scale protein crystal tips with greater than 50% yield, whose presence can be visually confirmed under a low power optical microscope. After cross-linking with glutaraldehyde, the protein crystal tips image gold nanoparticles and grating standards with resolution comparable to that of silicon and silicon nitride tips. Force spectra over surfaces covered with polyclonal anti-lysozyme reveal a binding force of approximately 50 picoNewtons which drops significantly upon blocking with free lysozyme, thus confirming that the cross-linked crystal tips retain their antigenicity.
Imaging artifacts in attractive mode atomic force microscopy using carbon nanotube tips Atomic force microscopy with carbon nanotube tips has been suggested as an enabling tool for high precision nanometrology of critical dimension features of semiconductor surfaces. Carefully controlled experiments were carried out in the attractive non-contact (NC) regime with various carbon nanotube (CNT) tipped atomic force microscope (AFM) microcantilevers. We present experimental results performed on SiO$_2$ gratings and Tungsten nanorods, which show imaging artifacts such as the formation of divots and large ringing artifacts that are inherent to CNT probe operation. Through meticulous adjustment of AFM operating parameters the connection of these artifacts to CNT buckling and stiction is described qualitatively and explained.
Exploring Surface Interaction Potentials with a Tuning Fork AFM Y. Qin* and R. Reifenberger Purdue University Department of Physics W. Lafayette IN 47907 USA
In recent years, quartz tuning fork AFMs have been introduced and have been used in a variety of novel ways [1] [2] [3] [4] . The advantages of the tuning fork in AFM applications are no optical alignment, low cost, high Q, and high stability at small oscillating amplitude. The high stiffness of the tuning fork sensor removes jump to contact and makes the system stable for measurements of small frequency shifts. We will describe the design, construction and characterization of a simple tuning fork AFM using a Nanotec Electronica scanning probe microscope. The system is inexpensive, stable and easy to use. A novel calibration of the tuning fork amplitude will also be described. A frequency phase-locked loop technique has been implemented to rapidly measure the resonant frequency shift of the tuning fork force sensor as a function of the tip-substrate separation. In this way, the tip-substrate interaction potential can be directly extracted. Using this technique, the analysis and comparison of the surface interaction potential of different substrates with well characterized AFM tips under a variety of conditions become possible. This work has received support from the Birck Nanotechnology Center at Purdue and NSF grant No. UF-EIES-0105001-PUR 1 F. J. Giessibl, Appl. Phys. Lett. 73 (26), 3956 (1998 Ultrasonic Atomic Force Microscopy (UAFM) enables elasticity measurement and defect detection through tip-surface contact [1] . In UAFM, the contact stiffness changes are detected as shifts in AFM cantilever resonance frequencies [2] . Until now, the contact stiffness of semi-infinite materials and layered structures were measured and model for large size defects was developed [3] . Our research is focused on finite sized subsurface defects, such as electromigration voids in microelectronic circuit interconnects [4] . We first show the equivalency of the surface impedance, analytical and finite element analysis (FEA) results for solid half spaces and layered media. We then investigate the contact stiffness of thin films with spherical voids using the FEA. The results show that for typical contact force and tip radii, 15nm radius voids may be detected under 100nm of silicon dioxide. We are working on experimental verification of FEA results and developing an analytical model for finite size spherical voids. Ridge TN, Fax: (865) The ability to engineer physical and chemical features on multiple length scales, from nanometers to centimeters, presents the possibility of mimicking natural processes. Natural cells represent an engineering ideal. They can be many microns in extent yet are organized with nanometer scale detail. Cells are capable of immense information storage and processing, exquisite chemical sensing and precise chemical feedback. Further, natural cells accomplish this with efficiencies unmatched by man-made creations. Advances in nanomaterials synthesis and genomics are providing tools for mimicking and exploiting features of natural systems. We are investigating the use of vertically aligned carbon nanofibers (VACNFs) as a material for controlling molecular transport in a manner analogous to natural cell membranes. VACNFs can be synthesized with nanometer scale dimensions, can be electrically addressed and can be deterministically grown in desired locations. Dense arrays of carbon nanofibers are being used as membranes that are integrated within fluidic structures or arranged into small volume (sub-nanoliter) containers. Size-dependent transport, perpendicular to the orientation of the fibers, can be controlled based on the wall-to-wall spacing of the individual fibers. Recent progress in device fabrication will be presented. Tailoring of the membrane pore size through either oxide deposition or electropolymerization of polypyrrole will be described. Investigations into chemical derivatization of the VACNFs will also be presented. These efforts have focused on attaching biomolecules, such as DNA and proteins, to the sides of the VACNFs. The combination of size fractionation and chemical specificity will impart further control over the transport properties of VACNF membranes. The biologically inspired design of VACNF structures will be useful for performing chemical separations and for mimicking the properties of natural membranes. High-sensitivity micro-machined piezoresistive sensor array and miniature readout system have many applications in sensing and detection. In this paper we report the designs and experiments of an integrated multipurpose system which contains a MEMSbased sensor and a CMOS integrated circuit (IC) signal readout chip. Our first generation 3-channel (MEMS) based implantable sensor array has a pressure sensitivity of 0.01 mmHg and maximum pressure of 300 mmHg. Newly-designed second generation 10-channel array, in which each sensor element has a thickness of 700 nm, provides at least two-order higher sensitivity and is able to detect a deflection in nanometers. Furthermore, we have also successfully designed and fabricated an ultra-sensitive 10-channel 0.5 µm CMOS readout chip which coverts the electrical resistance change in MEMS sensor to a voltage signal that has less than 0.8 mW power consumption per channel. Preliminary experimental results suggest that our innovative signal readout and power management circuit have high sensitivity and stability. This readout chip has 93.6 dB gain, 2.3 MHz band-width, and very low draft (<10 µV/hour). The second generation CMOS is in fabrication which would introduce further improvements of readout results in terms of S/N ratio, sensitivity, and power management. Such MEMS and CMOS hybrid system offers wide range of flexibility in their applications and also removes the primary hurdle in system miniaturization of sensor readout system. Additional wireless data link and RF power charging capabilities could be added to existing design that would provide safe and easy access to sensing unit remotely. The use of force to accelerate the unfolding rate of proteins has been used to study the unfolding kinetics of several proteins, with the 27 th domain of the I band of the giant muscle protein titin being the paradigm for such measurements. Force decreases the unfolding time from hours and seconds to milliseconds. To gain atomistic insight of dynamic force spectroscopy measurements molecular simulations are commonly performed. Requiring billions of floating point calculations, such calculations can only be performed over times equivalent to a few hundred nanoseconds. The disparity in timescales between experiment and simulation is a considerable flaw in such an approach. Here, we describe the application of several new methodologies, including the simulation methods of least action dynamics and milestoning and experimental methods of the biomembrane force probe and new force data analysis techniques, which in combination permit the elucidation of unfolding trajectories of non-structural proteins. Our studies of the unfolding of the protein barnase represent the longest unfolding simulations ever undertaken, the experiments reveal for the first time multiple unfolding transition states, and the results in totality shed new insight into the unfolding process of proteins.
CONTACT STIFFNESS ANALYSIS OF FINITE SIZE DEFECTS IN ULTRASONIC ATOMIC FORCE MICROSCOPE
Microarrays of Biomimetic Cells Formed by the Controlled Synthesis of Carbon Nanofibers
The nuts and bolts of recognition imaging: validating antibodies and analyzing images
Stuart Lindsay 1, 2, 3 We are using AFM recognition imaging to study remodeling of promoter chromatin, a key event in the initiation of transcription. Doing this required testing all antibodies of interest against all proteins that might be encountered in the experiments. In the AFM analysis,some antibodies react only with their specific antigen, others show significant nonspecific recognition . We correlated these results with ELISA assays, finding the two techniques in agreement, so the cross reactions represent limitations of the antibodies and not the recognition technique. We have also begun to establish quantitative criteria for analyzing recognition images, and will describe software we have written for this purpose. Scan-speed related artifacts have also been characterized. These techniques have been applied to chromatin remodeling, demonstrating the removal of histone H2a from the nucleosome on remodeling.
Characterizing collagen assembly by time-lapse and high-resolution atomic force microscopy David A. Cisneros, Carlos Hung, Clemens Franz and Daniel J. Müller. Center of Biotechnology, University of Technology, Dresden. Tatzberg 49, 01307 Dresden, Germany.
Collagen is the most abundant protein in mammalian organisms and structures the extracellular matrix. Its interaction with different proteins leads to diverse biological responses by many types of cells. Therefore the necessity of creating collagen cell scaffolds has increased with the development of bio-compatible materials. In the last year we have developed a method to control the alignment of collagen type I on a surface with nanometer precision (Jiang et al., 2004) . Additionally, controlling the environmental conditions was found to be a useful tool to control the formation of collagen type I fibrils into different well-defined structures (Jiang et al., 2004) . Furthermore we have shown that some of these nanoscopic collage matrices can direct adhesion, orientation and migration of Mouse Dermal Fibroblasts (Poole et al., 2005) . In the current work we improved the method of assembly of a collagen type I scaffold in such a way that its structure allowed us to perform high-resolution AFM topographs of the deposited collagen fibrils. The structure of the fibrils resembled those revealed using electron microscopy. A detailed multi-banded pattern was observed within the periodic (so called) D-band of collagen. Moreover, time-lapse AFM allowed us to observe the assembly of the collagen matrix directly and in dependence of different protein concentrations. At all concentrations, the lateral collagen fibril assembly followed a well-described nearsigmoidal pattern such as determined for collagen fibrils formed in free solution (Kadler et al., 1996) . Parma, Italy. E-mail: phyncr@leeds.ac.uk or n.h.thomson@leeds.ac.uk Transcription is the process of copying DNA sequence into messenger RNA by the molecular motor RNA polymerase (RNAP) as it moves along the double helix. Initiation of transcription from two convergently aligned promoters is a feature of a number of gene structures and is likely to result in collisions between RNAPs. The outcome of the collisions could result in competition of and/or loss of gene expression. The RNAPs may either pass or collide, where collision causes stalling or displacement of either RNAP. We are studying this process at the single molecule level using tapping mode AFM. Initial experiments have been of air-dried samples taking snap-shots of DNA-RNAP complexes before and after collision. Analysis of these data indicates that in a significant proportion of cases they stall against each other and remain bound to the DNA template. This result is probably a consequence of the stochastic nature of RNAP initiation, and the single molecule real-time experiment will be required to investigate the outcome of collision of two active convergent elongating RNAPs. Virus capsids are excellent examples of molecular self-assembly. Developing a fundamental understanding of their mechanical properties during assembly and maturation may help in the design of new antiviral pharmaceuticals and self-assembling nanoscale machinery. Atomic Force Microscopy (AFM) offers the unique capability of probing with high sensitivity the mechanical properties of individual virus capsids. Inferring these properties from AFM force-distance data is challenging because it requires a detailed understanding of the deformation of the capsids under the AFM probe tip. Our numerical experiments suggest that capsids deform in a nonlinear fashion, and in a way far deviant from standard mathematical models such as Hertzian contact. We will discuss these issues while investigating the mechanical properties of three different virus capsids, namely the bacteriophage φ22 (both mutant and wild type) and Tobacco Mosaic Virus (TMV). Both experimental data and finite element models of the capsid deformation under an AFM tip are compared. The present study was designed to characterize the mechanical properties of vascular smooth muscle (VSMC) integrin-extracellular matrix interactions. We used atomic force microscopy (AFM) to measure the adhesion force between 5 1 integrins and fibronectin (FN) on the surface of isolated VSMC. AFM probes were conjugated with FN and interacted with the VSMC membrane. Function blocking antibodies against 5 and 1 integrins and RGD-containing peptides selectively blocked FN-VSMC adhesions indicating selective binding to 5 1 integrins. Bond strength between FN and 5 1 integrin was 39±8 pN. Binding probability was reduced by integrin antagonists and platelet derived growth factor (PDGF-BB), while lysophosphatidic acid (LPA) increased this probability. None of these treatments changed bond strength. AFM cantilevers configured with an FN coated 2 µm bead on the tip were used to apply mechanical force to individual focal contacts. Application of force to the cells through these contacts induced a force generating response from the cells. AFM is a useful technique for studies of the proteins and receptors involved in cell mechanobiology. (Supp NIH HL58960 and HL062863 to GAM) Montpellier 1, 29 rue de Navacelles, 34090 Montpellier Cedex, pem@cbs.cnrs.fr
Probing the Mechanism of Convergent Transcription by AFM
Investigations of Virus Capsid Mechanics using Atomic Force Microscopy
Mechanical Properties of integrin-extracellular matrix interactions studied with atomic force microscopy
The low number of available structures of transmembrane proteins is mainly explained by difficulties encountered to over express and purify large amount of such proteins. Here, direct reconstitution of very small amount of purified transmembrane proteins (< 1 µg) was performed into supported lipid bilayers (SLB) and sample imaged using AFM. The light-harvesting complex (LH1) of photosynthetic complex of Rhodobacter Sphaeroides in solution in 0.075 mM dodecyl-thio-maltoside was added on SLBs. After DOTM removal, remodelling of SLBs could be observed but incorporated LH1 molecules were imaged in preserved bilayers in both contact and tapping mode AFM with a lateral resolution close to 1 nm. These experiments demonstrate that i) transmembrane proteins can be directly inserted into SLBs; ii) structural data can be obtained from AFM imaging using very small amount of purified proteins.
